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1
WING SHAPE CONTROL

FIELD

The subject matter described herein relates in general to
aircraft and, more particularly, to the control of aircraft.

BACKGROUND

Aircraft can be exposed to highly variable environments.
As a result, the aircraft may be subjected to changing
aerodynamic requirements. Some aircraft have wings that
can change shape and configuration to meet these changing
requirements.

SUMMARY

In one respect, the present disclosure is directed to an
aircraft. The aircraft can include a wing. The wing and a
morphing member operatively connected to the wing. The
morphing member can include a base and a shape memory
material member operatively connected to the base. The
base can be made of a flexible material. Thus, a shape of the
morphing member can change when the shape memory
material member is activated.

In another respect, the present disclosure is directed to a
system. The system can include an aircraft. The aircraft can
include a wing. The aircraft can include a morphing member.
The morphing member can be operatively connected to the
wing. The morphing member can include a base and a shape
memory material member operatively connected to the base.
The base can be made of a flexible material. The system can
further include one or more processors operatively con-
nected to selectively cause the shape memory material
member of the morphing member to be activated and
deactivated.

In still another respect, the present disclosure is directed
to a method for morphing a wing of an aircraft. A morphing
member can be operatively connected to the wing. The
morphing member can include a base and a shape memory
material member operatively connected to the base. The
base can be made of a flexible material. The method can
include detecting a wing morphing activation condition. The
method can include, responsive to detecting the wing
morphing activation condition, activating the shape memory
material member to cause the morphing member to morph
into an activated configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example of an aircraft, showing an upper side
of the aircraft.

FIG. 2A shows an example of a morphing member with
a shape memory material member arranged in a first pattern.

FIG. 2B shows an example of a morphing member with
a shape memory material member arranged in a second
pattern.

FIG. 2C shows an example of a morphing member with
a shape memory material member arranged in a third
pattern.

FIG. 2D shows an example of a morphing member with
a shape memory material member arranged in a fourth
pattern.

FIG. 3 is an example of an aircraft system.

FIG. 4 is an example of an aircraft, showing a lower side
of the aircraft.
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FIG. 5 is an example of an aircraft, showing a plurality of
morphing members provided on each wing.

FIG. 6 shows an example of active management of the
morphing members on the upper side of the aircraft, show-
ing the morphing member on a first wing in an activated
condition and the morphing member on a second wing in a
non-activated condition.

FIG. 7 shows an example of active management of the
morphing members on the upper side of the aircraft, show-
ing the morphing member on a first wing in a non-activated
condition and the morphing member on a second wing in an
activated condition.

FIG. 8 shows an example of active management of the
morphing members on the upper side of the aircraft, show-
ing the morphing member on a first wing in an activated
condition and the morphing member on a second wing in an
activated condition.

FIG. 9 shows an example of active management of the
morphing members on the lower side of the aircraft, show-
ing the morphing member on a first wing in an activated
condition and the morphing member on a second wing in an
activated condition.

FIG. 10 is an example of a method for an aircraft.

FIG. 11A s a side view of a portion of an aircraft, showing
a morphing member in a non-activated condition.

FIG. 11B is a side view of a portion of an aircraft, showing
a morphing member in an activated condition in which the
morphing member curls in one direction.

FIG. 11C is a side view of a portion of an aircraft, showing
a morphing member in an activated condition in which the
morphing member curls in a plurality of different directions.

FIG. 12A shows an example of the morphing member
operatively connected to a respective one of the wings of the
aircraft on only one side of the morphing member.

FIG. 12B shows an example of the morphing member
operatively connected to a respective one of the wings of the
aircraft, fully on one side and partially of two adjoining sides
of the morphing member.

DETAILED DESCRIPTION

Due to the dynamic environments in which aircraft oper-
ate, greater control authority over the aircraft can allow for
enhanced control and improved operation of the aircraft.
According to arrangements described herein, active control
of the shape of a wing of an aircraft can be provided. An
aircraft can include a morphing member operatively con-
nected to the wing. The morphing member can include a
base and a shape memory material member operatively
connected to the base. The base can be made of a flexible
material. When the shape memory material member is
activated, a shape of the morphing member can change. As
a result, one or more aerodynamic characteristics of the
aircraft can be changed. Such arrangements can allow for
greater control and stability of the aircraft.

Detailed embodiments are disclosed herein; however, it is
to be understood that the disclosed embodiments are
intended only as examples. Therefore, specific structural and
functional details disclosed herein are not to be interpreted
as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the aspects herein in virtually any appro-
priately detailed structure. Further, the terms and phrases
used herein are not intended to be limiting but rather to
provide an understandable description of possible imple-
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mentations. Various embodiments are shown in FIGS. 1-12,
but the embodiments are not limited to the illustrated
structure or application.

It will be appreciated that for simplicity and clarity of
illustration, where appropriate, reference numerals have
been repeated among the different figures to indicate corre-
sponding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the embodiments described herein. How-
ever, it will be understood by those of ordinary skill in the
art that the embodiments described herein can be practiced
without these specific details.

Referring to FIG. 1, an example of an aircraft 100 is
shown. The aircraft 100 can be any craft that is configured
to fly or staying aloft in the air. In one or more arrangements,
the aircraft 100 can be a kite. In one or more arrangements,
the aircraft 100 can be a tailless aircraft. In one or more
arrangements, the aircraft 100 can be a flying wing type
aircraft.

The aircraft 100 can include a body 110. The body 110 can
have any size, shape, and/or configuration. In the example
shown, the body 110 can be generally V-shaped. The body
110 can be made of any suitable material, including, for
example, fabric, metal, plastic, and/or wood. The aircraft
100 can have a front end 112 and a back end 114. The aircraft
100 can have an upper side 115 and a lower side 117 (FIG.
4). The terms “upper”, “lower”, “front”, and “back” are used
for convenience with respect to the relative position of the
noted portion when the aircraft 100 is in its operational
position.

The aircraft 100 can have a yaw axis Y, a pitch axis P, and
aroll axis R. The yaw axis Y extends into and out of the page
in FIG. 1. A nose 113 of the aircraft 100 can rotate right or
left about the yaw axis Y. The pitch axis P extends in a
left-right direction on the page in FIG. 1. The pitch axis P
can generally extend transversely from wing to wing. The
nose 113 of the aircraft 100 can rotate up and down about the
pitch axis P. The roll axis R extends in a top-bottom direction
on the page in FIG. 1. The roll axis R can generally extend
from the front end 112 to the back end 114 of the aircraft
100. The aircraft 100 can rotate about the roll axis R. The
aircraft 100 can rotate about one or more of these axes.

The body 110 can be at least partially hollow. Thus, the
body 110 can have one or more inner chambers. The inner
chamber. . . (s) can be substantially sealed to retain a fluid
therein. The inner chamber(s) can be substantially fluid
impermeable.

In one or more arrangements, the body 110 can be
configured to be inflatable. Thus, the body 110 can include
one or more ports or valves to allow air or other fluid to be
delivered to and/or released from one or more inner cham-
bers of the body 110. The inner chamber can be operatively
connected to a fluid source. In some arrangements, the fluid
source can be configured to maintain a constant fluid pres-
sure in the inner chamber. In some implementations, the
fluid source can include a pump. In some arrangements, the
fluid source can include a gas canister capable of delivering
a compressed gas.

The body 110 can include a first wing 120 and a second
wing 130. The first wing 120 can extend substantially
laterally from a central body region 111 to a first tip 125. The
second wing 130 can extend substantially laterally from the
central body region 111 to a second tip 135. While described
herein as the first wing 120 and a second wing 130, it will
be appreciated that the aircraft 100 can have or can be a
single, continuous wing overall. In such case, the first wing
120 can be a first wing portion of a wing, and the second
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wing 130 can be a second wing portion of the same wing. In
some arrangements, a substantial majority of the body 110
can be defined by the first wing 120 and the second wing
130, as in a flying wing type of aircraft. The first wing 120
can have a leading edge 121 and a trailing edge 122. The
second wing 130 can have a leading edge 131 and a trailing
edge 132.

The aircraft 100 can include a plurality of morphing
members 150. Each morphing member 150 can include a
base 152 and a shape memory material member 154. The
base 152 can be made of any suitable material. For instance,
in some arrangements, the base 152 can be made of a
flexible, pliable, and/or compliant material. In one or more
arrangements, the base 152 can be made of fabric, woven
fabric, elastomer, plastic, shape-memory polymer (SMP),
SMP composites, other pliable materials, or combinations
thereof. In one or more arrangements, the base 152 can be
made of a stitchable material, that is, a material that can be
stitched and maintain integrity with stitches present in the
material. In some arrangements, the base 152 can be made
of'one or more layers. In one or more arrangements, the base
152 can be made of a plurality of pieces of material. In one
or more arrangements, the base 152 can be made of a single
piece of material. The morphing members 150 can be
relatively thin. In some arrangements, the morphing mem-
bers 150 can be a sheet-like structure. The morphing mem-
bers 150 can be made of a smart fabric.

The base 152 can have any suitable size, shape, and/or
configuration. In one or more arrangements, the base 152
can be substantially rectangular in shape. However, in other
arrangements, the base 152 can be substantially circular,
substantially oval, substantially triangular, substantially
polygonal, substantially trapezoidal, or other suitable shape.

The shape memory material member 154 can be opera-
tively connected to the base 152. In some arrangements, a
plurality of shape memory material members 154 can be
operatively connected to the base 152. The shape memory
material member 154 can be operatively connected to the
base 152 in any suitable manner. For instance, in one or
more arrangements, the shape memory material member 154
can be operatively connected to the base 152 by a plurality
of stitches 155. The stitches 155 can affix the shape memory
material member 154 to the base 152.

The stitches 155 can use one or more threads. Any
suitable type of thread, now know or later developed, can be
used. The threads can be blended, interwoven, and/or tightly
wound. Further, the threads can be composed from a variety
of materials, such as natural fibers, synthetic fibers, metals,
shape memory material members, shape memory alloy, or
other materials capable of being formed or woven into a
thread, as well as combinations thereof. Thread can be
stitched using any suitable type of stitch, now known or later
developed.

In one or more arrangements, the shape memory material
member 154 can be constrained on the base 152 in one or
more areas. “Constrained on” includes being attached to the
surface so as to keep the shape memory material member
154 substantially in contact with the base 152 when acti-
vated or deactivated. Thus, in the areas in which the shape
memory material member 154 is constrained on the base
152, the shape memory material member 154 can be
restricted from separating from and/or moving away from
the base 152. As will be described in greater detail herein,
such selective constraining can help to attain a desired
morphed shape of the base 152. In some arrangements, the
entire shape memory material member 154 can be con-
strained on the base 152.
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In some arrangements, one or more portions of the shape
memory material member 154 can be unconstrained. In such
regions, the shape memory material members 154 are not
stitched or operatively connected to the base 152. In the
unconstrained region, the shape memory material member
154 can be exposed on the base 152 and/or generally
allowed free movement relative to the base 152. In some
instances, unconstrained regions can be provided in regions
where a joint and/or a shape change is desired.

In some arrangements, the shape memory material mem-
ber 154 can be at least partially embedded within the base
152. For instance, the shape memory material member 154
can be woven into the base 152. The shape memory material
member 154 can be located on one or both sides of the base
152. In some arrangements, the shape memory material
member 154 can extend between two bases 152. In such
case, the shape memory material member 154 can be opera-
tively connected to one or both of the bases 152. The two
bases can be operatively connected to each other in any
suitable manner. In such arrangements, the shape memory
material member 154 is not substantially exposed on the
exterior of the morphing member 150.

The phrase “shape memory material” includes materials
that changes shape when an activation input is provided to
the shape memory material and, when the activation input is
discontinued, the material substantially returns to its original
shape. Examples of shape memory materials include shape
memory alloys (SMA) and shape memory polymers (SMP).

In one or more arrangements, the shape memory material
member(s) 154 can be shape memory material wires. As an
example, the shape memory material member(s) 154 can be
shape memory alloy wire(s). Thus, when an activation input
(i.e., heat) is provided to the shape memory alloy wire(s), the
wire(s) can contract. The shape memory alloy wire(s) can be
heated in any suitable manner, now known or later devel-
oped. For instance, the shape memory alloy wire(s) can be
heated by the Joule effect by passing electrical current
through the wires. In some instances, arrangements can
provide for cooling of the shape memory alloy wire(s), if
desired, to facilitate the return of the wire(s) to a non-
activated configuration.

The wire(s) can have any suitable characteristics. For
instance, the wire(s) can be high temperature wires with
austenite finish temperatures from about 90 degrees Celsius
to about 110 degrees Celsius. The wire(s) can have any
suitable diameter. For instance, the wire(s) can be from
about 0.2 millimeters (mm) to about 0.7 mm, from about 0.3
mm to about 0.5 mm, or from about 0.375 millimeters to
about 0.5 millimeters in diameter. In some arrangements, the
wire(s) can have a stiffness of up to about 70 gigapascals.
The wire(s) can be configured to provide an initial moment
of from about 300 to about 600 N mm, or greater than about
500 N mm, where the unit of newton millimeter (N mm) is
a unit of torque (also called moment) in the SI system. One
newton meter is equal to the torque resulting from a force of
one newton applied perpendicularly to the end of a moment
arm that is one meter long. In various aspects, the wire(s)
can be configured to transform in phase, causing the shape
memory material member(s) 154 to go from a non-activated
configuration to an activated configuration in about 3 sec-
onds or less, about 2 seconds or less, about 1 second or less,
or about 0.5 second or less.

The wire(s) can be made of any suitable shape memory
material, now known or later developed. Different materials
can be used to achieve various balances, characteristics,
properties, and/or qualities. As an example, an SMA wire
can include nickel-titantum (Ni—Ti, or nitinol). One
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example of a nickel-titanium shape memory alloy is FLEXI-
NOL, which is available from Dynaolloy, Inc., Irvine, Cali-
fornia. As further example, the SMA wires can be made of
Cu—Al—Ni, Fe—Mn—Si, or Cu—Zn—Al.

The SMA wire can be configured to increase or decrease
in length upon changing phase, for example, by being heated
to a phase transition temperature Tg,,,. Utilization of the
intrinsic property of SMA wires can be accomplished by
using heat, for example, via the passing of an electric current
through the SMA wire in order provide heat generated by
electrical resistance, in order to change a phase or crystal
structure transformation (i.e., twinned martensite, detwinned
martensite, and austentite) resulting in a lengthening or
shortening the SMA wire. In some implementations, during
the phase change, the SMA wire can experience a decrease
in length of from about 2 to about 8 percent, or from about
3 percent to about 6 percent, and in certain aspects, about 3.5
percent, when heated from a temperature less than the Tg,,,
to a temperature greater than the Tg,,,.

Other active materials may be used in connected with the
arrangements described herein. For example, other shape
memory materials may be employed. Shape memory mate-
rials, a class of active materials, also sometimes referred to
as smart materials, include materials or compositions that
have the ability to remember their original shape, which can
subsequently be recalled by applying an external stimulus,
such as an activation signal.

While the shape memory material member(s) 154 are
described, in one implementation, as being wire(s), it will be
understood that the shape memory material member(s) 154
are not limited to being wire(s). Indeed, it is envisioned that
suitable shape memory materials may be employed in a
variety of other forms, such as strips, small sheets or slabs,
cellular and lattice structures, helical or tubular springs,
braided cables, tubes, or combinations thereof. In some
arrangements, the shape memory material member(s) 154
may include an insulating coating.

Each of the morphing members 150 can be operatively
connected to the first wing 120 or to the second wing 130.
The morphing members 150 can be operatively connected to
the respective wing 120, 130 in any suitable manner. For
instance, in one or more arrangements, the morphing mem-
bers 150 can be operatively connected to the respective wing
120, 130 by a plurality of stitches 160 (FIGS. 12A-12B). The
stitches 160 can affix the morphing members 150 to the
respective wing 120, 130. Alternatively or additionally to the
stitches 160, the morphing members 150 can be operatively
connected to the respective wing 120, 130 by one or more
fasteners, one or more adhesives, one or more forms of
mechanical engagement, or any combination thereof. Due to
the manner in which the morphing member 150 is opera-
tively connected to the respective wing 120, 130, it will be
appreciated that the morphing member 150 can be like a
loose fabric panel on the wing. As such, the morphing
member 150 can passively change shape under the influence
of forces acting upon the aircraft 100.

Various example of the morphing member 150 opera-
tively connected to a respective one of the wings is shown
in FIGS. 12A-12B. In some arrangements, the morphing
member 150 can be operatively connected to a respective
one of the wings 120, 130 on only one side or on only one
perimeter portion thereof. An example of such an arrange-
ment is shown in FIG. 12A. In this example, the morphing
member 150 can be substantially rectangular in shape. Only
one of the sides 156 can be operatively connected to the first
wing 120, such as by stitches 160. The other three sides 157,
158, 159 can be unattached to the first wing 120. Thus, the
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morphing member 150 can be like a loose piece of material
on the first wing 120. While FIG. 12A shows the morphing
member 150 operatively connected to the first wing 120, it
will be understood that this description applies equally to the
operative connection between the morphing member 150
and the second wing 130.

In some arrangements, the morphing member 150 can be
operatively connected to a respective one of the wings 120,
130 on more than one side or more than one perimeter
portion thereof. An example of such an arrangement is
shown in FIG. 12B. In this example, the morphing member
150 can be substantially rectangular in shape. One side 156
of the morphing member 150 can be operatively connected
to the first wing 120, and a portion of the two sides 157, 158
of the morphing member 150 that adjoin the first side 156
can be operatively connected to the first wing 120. The
portions of the sides 157, 158 that are operatively connected
to the first wing 120 can be those portions nearest the first
side 156. The side 159 can be unattached to the first wing
120. In such arrangements, the morphing member 150 can
be like a loose piece of material on the first wing 120. While
FIG. 12B shows the morphing member 150 operatively
connected to the first wing 120, it will be understood that this
description applies equally to the operative connection
between the morphing member 150 and the second wing
130.

The morphing members 150 can be operatively connected
to the aircraft 100 in any suitable location. For instance, the
morphing members 150 can be connected on the upper side
115 and/or the lower side 117 of the aircraft 100.

FIG. 1 shows an example in which the morphing members
150 are operatively connected to the upper side 115 of the
aircraft 100. The morphing members 150 can be located in
an outboard region of the aircraft 100. For instance, the
morphing members 150 can be located proximate the trail-
ing edge 119 of the aircraft 100. In some respects, the
morphing members 150 can be considered to be surrogates
for ailerons of the aircraft 100. In some arrangements, the
morphing members 150 can be slightly spaced from the
trailing edge 119. In other arrangements, a portion of the
morphing members 150 can be located at the trailing edge
119. In some arrangements, the morphing members 150 can
extend substantially parallel to the trailing edge 119. It
should be noted that a free end or a free perimeter portion of
the morphing members 150 can be located proximate the
trailing edge 119. The morphing member 150 can be sub-
stantially parallel to the trailing edge 119.

The morphing members 150 can be elongated substan-
tially in the direction of the wing 120, 130. The morphing
members 150 can span any suitable length of the respective
wing 120, 130. In some arrangements, the morphing mem-
bers 150 can space about 70 percent, about 60 percent, about
50%, about 40%, about 30%, about 20%, or about 10% of
the length of the respective wing 120, 130 or less. The
morphing members 150 can be located anywhere along the
length of the wing 120, 130. In some arrangements, the
morphing members 150 can be located closer to a center line
of' the aircraft 100 or to the central body region 111. In other
arrangements, the morphing members 150 can be located
closer to the tip 125, 135 of the wings 120, 130. In some
arrangements, the morphing members 150 can be elongated
substantially in the front to back direction of the respective
wing 120, 130.

In some arrangements, the morphing member 150 can be
located on the respective wing 120, 130 so that, when in a
non-activated condition, the morphing member 150 forms a
raised area on the wing 120, 130. In other arrangements, the
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wings 120, 130 can be configured to provide a recessed area
in which the morphing member 150 can reside. In such case,
when in a non-activated condition, the morphing member
150 can be substantially flush with the respective wing 120,
130.

FIG. 4 shows an example in which the morphing members
150 are operatively connected to the lower side 117 of the
aircraft 100. The morphing members 150 can be located
proximate the leading edge 121 of the first wing 120 and/or
the leading edge 131 of the second wing 130. In some
respects, the morphing members 150 in such location can be
considered to be surrogates for coverts of the aircraft 100. In
some arrangements, the morphing members 150 can be
slightly spaced from the leading edge(s) 121, 131. In other
arrangements, a portion of the morphing members 150 can
be located at the leading edge(s) 121, 131. In some arrange-
ments, the morphing members 150 can extend substantially
parallel to the leading edge(s) 121, 131. It should be noted
that an operatively connected side or an operatively con-
nected perimeter portion of the morphing members 150 can
be located proximate the leading edge(s) 121, 131.

FIG. 1 shows a plurality of the morphing members 150
attached to the upper side 115 of the aircraft 100, and FIG.
4 shows a plurality of the morphing members 150 attached
to the lower side 117 of the aircraft 100. In some arrange-
ments, the morphing members 150 can be operatively con-
nected to the upper side 115 only. In some arrangements, the
morphing members 150 can be operatively connected to the
lower side 117 only. In still other arrangements, the morph-
ing members 150 can be operatively connected to both the
upper side 115 and the lower side 117 of the aircraft 100.

In the example shown in FIG. 1, the morphing member
150 operatively connected to the first wing 120 and the
morphing member 150 operatively connected to the second
wing 130 can be substantially identical to each other. How-
ever, it will be appreciated that, in some arrangements, the
morphing member 150 operatively connected to the first
wing 120 and the morphing member 150 operatively con-
nected to the second wing 130 can be different from each
other in one or more respects, including, for example, size,
shape, configuration, areas of attachment, location, orienta-
tion, quantity, material, and activated configuration, just to
name a few possibilities.

The morphing members 150 on the upper side 115 of the
aircraft 100 can be substantially identical to the morphing
members 150 on the lower side 117 of the aircraft 100.
Alternatively, the morphing members 150 on the upper side
115 of the aircraft 100 can be different from the morphing
members 150 on the lower side 117 of the aircraft 100 in one
or more respects, including any of those described above.

FIG. 1 shows one morphing member operatively con-
nected to the first wing 120, and one morphing member 150
operatively connected to the second wing 130. However, it
will be appreciated that there can be any suitable quantity of
the morphing members 150 provided on the first wing 120
and the second wing 130. As an example, referring to FIG.
5, there can be a plurality of morphing members 150
operatively connected to the first wing 120 and a plurality of
morphing members 150 operatively connected to the second
wing 130. The plurality of morphing members 150 can be
distributed in any suitable manner. In the example shown,
the plurality of morphing members 150 can be arranged
along the length of the respective wing 120, 130. However,
in some arrangements, the plurality of morphing members
150 can, alternatively or additionally, be arranged in the
front to back direction of the aircraft 100. The plurality of
morphing members 150 can be substantially adjacent to each
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other, or the plurality of the morphing members 150 can be
spaced from each other. The plurality of morphing members
150 can be substantially aligned with each other in one or
more directions. Alternatively, the plurality of morphing
members 150 can be offset from each other in one or more
directions.

The morphing members 150 can have a non-activated
condition and an activated condition. When in a non-
activated condition, the morphing members 150 can be
substantially flat. The morphing members 150 can lay sub-
stantially flat against an exterior surface of a respective wing
120, 130. An example of such a non-activated condition is
shown in FIG. 11A. However, in some arrangements, the
morphing members 150 can have other, non-flat configura-
tions in the non-activated condition.

When activated, the morphing members 150 can have
various configurations. In one or more arrangements, the
morphing members 150 can be configured to bend, curl, or
curve in the activated condition. One example of such an
activated condition is shown in FIG. 11B. In this example,
the free side of the morphing member 150 can curl upward
away from the respective wing 120, 130. In one or more
arrangements, the morphing members 150 can be configured
to curl in a plurality of directions when in the activated
condition. One example of such an activated condition is
shown in FIG. 11C. In this example, the free side of the
morphing member 150 can curl upward away from the
respective wing 120, 130. In the orientation shown in FIGS.
11C, the morphing member 150 can curl counterclockwise.
In addition, the morphing member 150 can curl along at least
a portion of its length. The curling can be in a different
direction than the other direction of curling, as is shown in
FIG. 11C. Here, the additional curling can occur into the
page on FIG. 11. This second mode of curling can create a
twisting type of movement of the morphing member 150.

The various configurations of the activated condition of
can be achieved in various ways. For instance, the shape
memory material member 154 can be arranged in a pattern
on the base 152. The pattern can be designed such that, when
the shape memory material member 154 is activated (e.g., by
supplying electrical energy to it), the shape memory material
member 154 can contract and cause the morphing member
150 to deform in a desired motion. Various non-limiting
examples of patterns in which the morphing member 150
can be arranged are shown in FIGS. 2A-2D.

In some arrangements, the morphing member 150 can be
configured to bend, curl, or curve when the morphing
member 150 is activated. FIG. 2A shows one example of the
morphing member 150 being configured for such morphing
movement when activated. As can be seen, the shape
memory material member 154 can be arranged in a substan-
tially U-shaped pattern on the base 152. In this arrangement,
a first end 154' and a second end 154" of the shape memory
material member 154 can be located on the same side of the
morphing member 150.

In other arrangements, the morphing member 150 can be
configured to bend, curl, or curl in a plurality of directions
when the morphing member 150 is activated. As an
example, one direction of curling can be similar to the
direction shown in FIG. 2A, and another direction of curling
can be generally in a direction that is transverse to the
direction of curling in FIG. 2A. FIGS. 2B-2D show
examples of the morphing member 150 being configured for
such morphing movement when activated. Referring to FIG.
2B, the shape memory material member 154 can be arranged
in a single zig-zag pattern. In this arrangement, the first end
154" and the second end 154" of the shape memory material
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member 154 can be located on opposite sides of the morph-
ing member 150. Referring to FIG. 2C, the shape memory
material member 154 can double back so as to form a double
zig-zag pattern. In this arrangement, the first end 154' and
the second end 154" of the shape memory material member
154 can be located on the same side of the morphing
member 150. FIG. 2D shows the shape memory material
member 154 arranged to double back in an undulating
pattern. Here, the first end 154' and the second end 154" of
the shape memory material member 154 can be located on
the same side of the morphing member 150.

FIGS. 2A-2D are merely a few examples of different
arrangements of the shape memory material member 154. It
will be appreciated that these arrangements are merely
examples and are not intended to be limiting. Of course, the
shape memory material member 154 can be arranged in any
suitable manner to provide a desired activated configuration
of the morphing member 150. It should be noted that the
morphing members 150 shown in FIGS. 2A-2D are elon-
gated in a different direction than the morphing members
150 shown in FIGS. 1 and 4. However, it will be appreciated
that the morphing members 150 can be configured or
arranged in any suitable manner. It will also be appreciated
that the patterns of the shape memory material members 154
shown in FIGS. 2A-2D can be implemented in connection
with differently oriented morphing members, such as those
shown in FIGS. 1 and 4.

Referring to FIG. 3, an example of a system 300. The
system 300 can include various elements. Some of the
possible elements of the system 300 are shown in FIG. 3 and
will now be described. It will be understood that it is not
necessary for the system 300 to have all of the elements
shown in FIG. 3 or described herein. The system 300 can
have any combination of the various elements shown in FIG.
3. Further, the system 300 can have additional elements to
those shown in FIG. 3. In some arrangements, the system
300 may not include one or more of the elements shown in
FIG. 3. Further, various elements may be located on or
within the aircraft 100, but it will be understood that one or
more of these elements can be located external to the aircraft
100. Thus, such elements are not located on, within, or
otherwise carried by the aircraft 100. Further, the elements
shown may be physically separated by large distances.
Indeed, one or more of the elements can be located remote
from the other elements of the system 300.

The system 300 can include the aircraft 100, one or more
processors 310, one or more data stores 320, one or more
sensors 330, one or more power sources 340, one or more
input interfaces 350, one or more output interfaces 360,
and/or one or more control modules 370. Each of these
elements will be described in turn below.

As noted above, the system 300 can include one or more
processors 310. “Processor” means any component or group
of components that are configured to execute any of the
processes described herein or any form of instructions to
carry out such processes or cause such processes to be
performed. The processor(s) 310 may be implemented with
one or more general-purpose and/or one or more special-
purpose processors. Examples of suitable processors include
microprocessors, microcontrollers, DSP processors, and
other circuitry that can execute software. Further examples
of suitable processors include, but are not limited to, a
central processing unit (CPU), an array processor, a vector
processor, a digital signal processor (DSP), a field-program-
mable gate array (FPGA), a programmable logic array
(PLA), an application specific integrated circuit (ASIC),
programmable logic circuitry, and a controller. The proces-
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sor(s) 310 can include at least one hardware circuit (e.g., an
integrated circuit) configured to carry out instructions con-
tained in program code. In arrangements in which there is a
plurality of processors 310, such processors can work inde-
pendently from each other, or one or more processors can
work in combination with each other.

The system 300 can include one or more data stores 320
for storing one or more types of data. The data store(s) 320
can include volatile and/or non-volatile memory. Examples
of suitable data stores 320 include RAM (Random Access
Memory), flash memory, ROM (Read Only Memory),
PROM (Programmable Read-Only Memory), EPROM
(Erasable Programmable Read-Only Memory), EEPROM
(Electrically Erasable Programmable Read-Only Memory),
registers, magnetic disks, optical disks, hard drives, or any
other suitable storage medium, or any combination thereof.
The data store(s) 320 can be a component of the processor(s)
310, or the data store(s) 320 can be operatively connected to
the processor(s) 310 for use thereby. The term “operatively
connected,” as used throughout this description, can include
direct or indirect connections, including connections without
direct physical contact.

In some arrangements, the data store(s) 320 can store
shape memory material data about the shape memory mate-
rial members 154 of the morphing members 150. As an
example, the shape memory material data can include mate-
rial properties and characteristics of the shape memory
material members 154. In some instances, the shape memory
material data can include stress-strain curves for the more
shape memory material members 154, including at different
temperatures.

The system 300 can include one or more sensors 330.
“Sensor” means any device, component and/or system that
can detect, determine, assess, monitor, measure, quantify,
acquire, and/or sense something. The one or more sensors
can detect, determine, assess, monitor, measure, quantify,
acquire, and/or sense in real-time. As used herein, the term
“real-time” means a level of processing responsiveness that
a user or system senses as sufficiently immediate for a
particular process or determination to be made, or that
enables the processor to keep up with some external process.
The sensor(s) 330 can be operatively connected to the
processor(s) 310, the data store(s) 320, and/or other ele-
ments of the system 300 (including any of the elements
shown in FIG. 3).

The sensor(s) 330 can include any suitable type of sensor.
The sensor(s) 330 can be configured to acquire sensor data
about the aircraft and/or about an external environment of
the aircraft. Various examples of sensors will be described
herein. However, it will be understood that the embodiments
are not limited to the particular sensors described. One or
more of the sensors(s) 330 can be located onboard the
aircraft 100.

The sensor(s) 330 can include one or more aircraft sensors
332. The aircraft sensor(s) 332 can be configured to acquire,
detect, determine, assess, monitor, measure, quantify and/or
sense aircraft data. “Aircraft data” includes and data or
information about the aircraft 100 itself or any system,
device, component or portion thereof. Aircraft data or infor-
mation can include, for example, roll, yaw, pitch, position,
orientation, speed, weight, temperature, pressure, stress,
and/or strain, just to name a few possibilities. In one or more
arrangements, the aircraft sensor(s) 332 can include an
inertial measurement unit (IMU). Additional examples of
the aircraft sensor(s) 332 can include one or more speed-
ometers, weight sensors, pressure sensors, position and/or
displacement sensors, level sensors, force sensors, torque
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sensors, gyroscopes, accelerometers, a dead-reckoning sys-
tem, a global navigation satellite system (GNSS), a global
positioning system (GPS), radio compass (NDB), altitude
sensors, attitude sensors, Angle-of-Attack (AoA) sensors,
altimeters, and/or other suitable sensors. The aircraft
sensor(s) 332 can be any type of sensor, now known or later
developed.

The sensor(s) 330 can include one or more environment
sensors 334. The environment sensor(s) 334 can be config-
ured to acquire, detect, determine, assess, monitor, measure,
quantify, acquire, and/or sense environment data. “Environ-
ment data” includes and data or information about the
external environment in which the aircraft 100 is located.
For instance, the environment sensor(s) 334 can include one
or more wind speed sensors and/or one or more wind angle
sensors. In one or more arrangements, the environment
sensor(s) 334 can include one or more cameras, one or more
radar sensors, one or more lidar sensors, one or more sonar
sensors, and/or one or more ranging sensors. In one or more
arrangements, the environment sensor(s) 334 can include
one or more temperature sensors, pressure sensors, proxim-
ity sensors, flow sensors, and/or others. In one or more
arrangements, the environment sensor(s) 334 can be con-
figured to detect atmospheric phenomena that may affect the
stability of the aircraft 100, such as turbulence, changes in
barometric pressure, wind gusts, just to name a few possi-
bilities. In one or more arrangements, the environment
sensor(s) 334 can be configured to detect objects in the
external environment. In one or more arrangements, the
environment sensor(s) 334 can include one or more pitot
tubes. The environment sensor(s) 334 can include any type
of sensor, now known or later developed.

As noted above, the system 300 can include one or more
power sources 340. The power source(s) 340 can be any
power source capable of and/or configured to energize the
shape memory material member(s) 154. For example, the
power source(s) 340 can include one or more batteries, one
or more fuel cells, one or more generators, one or more
alternators, one or more solar cells, and combinations
thereof. The power source(s) 340 can be any power source
capable of and/or configured to supply energy to the shape
memory material member(s) 154. The power source(s) 340
can be a source of electrical energy.

The system 300 can include one or more input interfaces
350. An “input interface” includes any device, component,
system, element or arrangement or groups thereof that
enable information/data to be entered into a machine. The
input interface(s) 350 can receive an input from any source,
such as a remote operator of the aircraft 100. Any suitable
input interface 350 can be used, including, for example, a
keypad, display, touch screen, multi-touch screen, button,
joystick, mouse, trackball, microphone, gesture recognition
(radar, lidar, camera, or ultrasound-based), and/or combina-
tions thereof.

The system 300 can include one or more output interfaces
360. An “output interface” includes any device, component,
system, element or arrangement or groups thereof that
enable information/data to be presented to a user (e.g., a
person) or other entity. The output interface(s) 360 can
present information/data to a user or other entity. The output
interface(s) 360 can include a display, an earphone, haptic
device, and/or speaker. Some components of the system 300
may serve as both a component of the input interface(s) 350
and a component of the output interface(s) 360. In one or
more arrangements, the input interface(s) 350 and/or the
output interface(s) 360 can be provided remote from the



US 11,932,390 B2

13

aircraft 100, such as on a remote-control device, unit, or
system, which can be operated by a remote human operator.

The system 300 can include one or more modules. The
modules can be implemented as computer readable program
code that, when executed by a processor, implement one or
more of the various processes described herein. One or more
of the modules can be a component of the processor(s) 310,
or one or more of the modules can be executed on and/or
distributed among other processing systems to which the
processor(s) 310 is operatively connected. The modules can
include instructions (e.g., program logic) executable by one
or more processor(s) 310. Alternatively or in addition, one or
more data stores 320 may contain such instructions.

The system 300 can include one or more modules. In one
or more arrangements, the modules described herein can
include artificial or computational intelligence elements,
e.g., neural network, fuzzy logic or other machine learning
algorithms. Further, in one or more arrangements, the mod-
ules can be distributed among a plurality of modules. In one
or more arrangements, two or more of the modules described
herein can be combined into a single module.

The system 300 can include one or more control modules
370. The control module(s) 370 can include profiles and
logic for actively controlling the aircraft 100 and/or con-
trolling the morphing members 150 according to arrange-
ments herein. The control module(s) 370 can be configured
to, autonomously or in response to a remote command,
cause one or more of the morphing members 150 to be
activated or deactivated based on real-time operational con-
ditions of the aircraft 100. The control module(s) 370 can
help to ensure that the aircraft 100 remains airborne, stable,
stays at or moves to a desired altitude, moves in a desired
manner, and/or otherwise manages operational forces and
conditions.

The control module(s) 370 can be configured to determine
when the morphing members 150 should be activated or
deactivated. The control module(s) 370 can be configured to
do so in any suitable manner. For instance, the control
module(s) 370 can be configured to analyze data or infor-
mation acquired by the sensor(s) 330 (e.g., the aircraft
sensors 332 and/or the environment sensors 334). Alterna-
tively or additionally, the control module(s) 370 can be
configured to detect user inputs (e.g., commands) provided
on the input interface(s) 350. The control module(s) 370 can
retrieve raw data from the sensor(s) 330 and/or from the data
store(s) 320. The control module(s) 370 can use profiles,
parameters, or setting loaded into the control module(s) 370
and/or stored in the data store(s) 320. The control module(s)
370 can be configured to control the morphing members 150
based on the sensor data. The control module(s) 370 can be
configured to control movement of the morphing members
150.

The control module(s) 370 can analyze the sensor data to
determine an appropriate action for the morphing members
150. For instance, the control module(s) 370 can detect
forces (e.g., aerodynamic forces) affecting the aircraft 100.
The control module(s) 370 can detect wind speeds and wind
angles. The control module(s) 270 can detect roll, yaw,
and/or pitch moments acting upon the aircraft 100. The
control module(s) 370 can be configured to determine appro-
priate changes to the morphing members 150 to mitigate
detected changes or conditions affecting the aircraft 100
and/or to stabilize the aircraft 100. As a further example, the
control module(s) 370 can detect an altitude of the aircraft
100. The control module(s) 370 can be configured to deter-
mine which morphing members 150 to active or deactivate
to keep the aircraft 100 at a current altitude or to cause the
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aircraft 100 to move to a different altitude. Various examples
of such changes or configurations will be described herein.

The control module(s) 370 can be configured to cause the
morphing members 150 to be activated or deactivated,
individually or collectively or in any subset. As used herein,
“cause” or “causing” means to make, force, compel, direct,
command, instruct, and/or enable an event or action to occur
or at least be in a state where such event or action may occur,
either in a direct or indirect manner. For instance, the control
module(s) 370 can selectively permit or prevent the flow of
electrical energy from the power source(s) 340 to the shape
memory material members 154 of the morphing members
150. For instance, the shape memory material members 154
can be activated by passing electrical current from the power
source(s) 340 through the shape memory material members
154. The control module(s) 370 can be configured to selec-
tively permit, restrict, adjust, alter, and/or prevent the flow
of electrical energy from the power source(s) 340 to one or
more of the shape memory material members 154. The
control module(s) 370 can be configured send control sig-
nals or commands over a communication network 390 to the
power source(s) 340, the morphing members 150, or other
element of the system 200.

The control module(s) 370 can be configured to cause the
morphing members 150 to be selectively activated or deac-
tivated based on aircraft data and/or environment data. In
some instances, the control module(s) 370 can be configured
to cause the morphing members 150 to be selectively
activated or deactivated based on user inputs (e.g., com-
mands or other inputs indicative of activating or deactivating
the morphing members 150). For instance, a user can
provide an input on the input interface(s) 350. The input can
be to activate or deactivate the morphing members 150. The
control module(s) 370 can be configured to cause the
morphing members 150 to be deactivated or activated in
accordance with the user input.

In some instances, the control module(s) 370 can be
configured to cause the morphing members 150 to be
selectively activated or deactivated based on a current
operational state of the aircraft 100. For instance, when the
aircraft is in the process of landing, taking off, or hovering.
The operational state of the aircraft 100 may be determined
based on sensor data and/or user inputs.

In some arrangements, the control module(s) 370 can be
configured to autonomously control the morphing members
150. Alternatively or additionally, the control module(s) 270
can be configured to control the morphing members 150 in
response to remote control inputs.

The various elements of the system 300 can be commu-
nicatively linked to one another or one or more other
elements through one or more communication networks
390. As used herein, the term “communicatively linked” can
include direct or indirect connections through a communi-
cation channel, bus, pathway or another component or
system. A “communication network” means one or more
components designed to transmit and/or receive information
from one source to another. The data store(s) 320 and/or one
or more other elements of the system 300 can include and/or
execute suitable communication software, which enables the
various elements to communicate with each other through
the communication network and perform the functions dis-
closed herein.

The one or more communication networks can be imple-
mented as, or include, without limitation, a wide area
network (WAN), a local area network (LAN), the Public
Switched Telephone Network (PSTN), a wireless network, a
mobile network, a Virtual Private Network (VPN), the
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Internet, a hardwired communication bus, and/or one or
more intranets. The communication network further can be
implemented as or include one or more wireless networks,
whether short range (e.g., a local wireless network built
using a Bluetooth or one of the IEEE 802 wireless commu-
nication protocols, e.g., 802.11a/b/g/i, 802.15, 802.16,
802.20, Wi-Fi Protected Access (WPA), or WPA2) or long
range (e.g., a mobile, cellular, and/or satellite-based wireless
network; GSM, TDMA, CDMA, WCDMA networks or the
like). The communication network can include wired com-
munication links and/or wireless communication links. The
communication network can include any combination of the
above networks and/or other types of networks.

It will be appreciated that the activation of the morphing
member(s) 150 can be used as a control device for the
aircraft 100. The activation of the morphing member(s) 150
can disrupt air flow about the aircraft 100. The disruption in
the air flow will depend upon the amount of electrical energy
applied to the morphing member(s) 150 as well as the
manner in which the morphing member(s) 150 deform when
activated. This disruption in the air flow can cause loss of lift
on the corresponding side of the aircraft 100, thus causing a
rolling moment. Through this principle, the morphing mem-
ber(s) 150 can be used as a control device for the aircraft 100
and fabric based inflatable structures. FIG. 6-9 show various
examples of active management of the morphing member(s)
150. It will be understood that the examples are not intended
to be limiting.

FIGS. 6 and 7 show instances in which the morphing
member 150 on one of the wings or on one side of the
aircraft 100 are activated. In FIG. 6, the morphing member
150 on the first wing 120 is in an activated condition, and the
morphing member 150 on the second wing 130 is in a
non-activated condition. In FIG. 7, the morphing member
150 on the first wing 120 is in a non-activated condition, and
the morphing member 150 on the second wing 130 is in an
activated condition.

These types of activation patterns can be implemented if
it is desired to move the aircraft 100 to the left or to the right.
For purposes of this example, the right corresponds to the
first wing 120 and the left corresponds to the second wing
130. For instance, if it is desired to move the aircraft to the
left, then the morphing member 150 on the second wing 130
can be activated while the morphing member 150 on the first
wing 120 can remain in a non-activated condition, as is
shown in FIG. 7. Further, if it is desired to move the aircraft
100 to the right, then the morphing member 150 on the first
wing 120 can be activated while the morphing member 150
on the second wing 120 can remain in a non-activated
condition, as is shown in FIG. 6. When the morphing
member 150 is activated, the change in shape causes a
disruption in the air flow, which, in turn, can cause loss of
lift on the corresponding side of the kite. As a result, a rolling
moment is created. It should be noted that the activation
patterns shown in FIGS. 6 and 7 can also be used in turbulent
air. In such case, the morphing member 150 on the first wing
120 and/or the morphing member 150 on the second wing
130 can be activated as needed to stabilize the aircraft 100.

FIG. 8 shows an example in which the morphing member
150 on the first wing 120 is in an activated condition, and the
morphing member 150 on the second wing 130 is in an
activated condition. Such an activation pattern can be used
to cause a downward movement of the aircraft. For instance,
the aircraft 100 may be flying at a certain altitude, but now
it is desired to take the aircraft 100 to a lower altitude. In
such case, the morphing members 150 can be activated as
shown in FIG. 8 to cause the downward movement. When
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the desired altitude is reached, the morphing members 150
can be deactivated to substantially return to a non-activated
condition. It will be appreciated that the activation pattern
shown in FIG. 8 may also be used to stabilize the aircraft 100
is certain conditions.

FIG. 9 shows an example in which the morphing member
150 on the lower side 117 of the first wing 120 is in an
activated condition, and the morphing member 150 on the
lower side 117 of the second wing 130 is in an activated
condition. Such an activation pattern can help in stabilizing
the aircraft 100 when the aircraft 100 is climbing at higher
angles of attack so that the nose 113 of the aircraft 100 is
pointed high up.

Now that the various potential systems, devices, elements
and/or components of the aircraft 100 and the system 300
have been described, an example of a method of morphing
the wing of an aircraft will now be described. The method
described may be applicable to the arrangements described
above, but it is understood that the methods can be carried
out with other suitable systems and arrangements. More-
over, the methods may include other steps that are not shown
here, and in fact, the methods are not limited to including
every step shown. The blocks that are illustrated here as part
of the methods are not limited to the particular chronological
order. Indeed, some of the blocks may be performed in a
different order than what is shown and/or at least some of the
blocks shown can occur simultaneously.

Turning to FIG. 5, an example of a method 1000 is shown.
For the sake of discussion, the method 1000 can begin with
the shape memory material member(s) 154 of the morphing
members 150 in a non-activated mode. In the non-activated
mode, electrical energy from the power source(s) 340 is not
supplied to the shape memory material member(s) 154. The
morphing members 150 can be in a non-activated configu-
ration, such as is shown in FIG. 1.

At block 1010, it can be determined whether a wing
morphing activation condition has been detected. The wing
morphing activation condition may be detected by the
control module(s) 370, the processor(s) 310, and/or one or
more sensor(s) 330. For instance, the control module(s) 370,
the processor(s) 310, and/or one or more sensor(s) 330 can
analyze data acquired by the sensor(s) 330 to determine
whether a wing morphing activation condition. For instance,
the control module(s) 370, the processor(s) 310, and/or one
or more sensor(s) 330 can determine whether the sensor data
acquired by the sensor(s) 330 meets a respective wing
morphing activation threshold. Alternatively or additionally,
the control module(s) 370, the processor(s) 310, and/or one
or more sensor(s) 330 can detect a user input indicating that
the morphing members 150 should be activated. The user
input can be provided via the input interface(s) 350. For
instance, the detecting can be performed on a continuously,
periodically, irregularly, randomly, in response to a com-
mand or user input (e.g., as provided on the input inter-
face(s) 350), and/or in response to an event or condition(s).

If a wing activation condition is not detected, the method
1000 can end, return to block 1010, or proceed to some other
block. However, if a wing activation condition is detected,
then the method can proceed to block 1020.

At block 1020, one or more of the shape memory material
members 154 can be activated. As a result, the morphing
member(s) 150 can be caused to morph into an activated
configuration. Of course, the control module(s) 370 and/or
the processor(s) 310 may only actuate certain individual
shape memory material member(s) 154 while leaving others
in a non-activated condition. Thus, the control module(s)
370 and/or the processor(s) 310 can cause or allow the flow
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of electrical energy from the power sources(s) 340 to the
shape memory material member(s) 154.

When activated, the shape memory material member(s)
154 can contract. The contraction of the shape memory
material member(s) 154 can cause the morphing members
150 (and the wing(s) 120, 130) to morph into an activated
configuration. Examples of the activated configurations are
shown in FIGS. 11B and 11C. The method can continue to
block 1030.

At block 1030, it can be determined whether a wing
morphing deactivation condition has been detected. The
wing morphing deactivation condition may be detected by
the control module(s) 370, such as based on data acquired by
the sensor(s) 330 and/or by detecting a user input or the
cessation of a user input. If a wing morphing deactivation
condition is not detected, the method 1000 can return to
block 1030, or proceed to some other block. However, if a
wing morphing deactivation condition is detected, then the
method can proceed to block 1040.

At block 1040, the shape memory material member(s)
154 can be deactivated. Thus, the control module(s) 370
and/or the processor(s) 310 can cause the flow of electrical
energy from the power sources(s) 340 to the shape memory
material member(s) 154 to be discontinued. As a result, the
shape memory material member(s) 154 can expand and can
substantially return to a non-activated configuration. Con-
sequently, the morphing members 150 (and the wing(s) 120,
130) can substantially return to the non-activated configu-
ration.

The method 1000 can end. Alternatively, the method 1000
can return to block 1010 or some other block.

It will be appreciated that arrangements described herein
can provide numerous benefits, including one or more of the
benefits mentioned herein. For example, arrangements
described herein can facilitate aircraft stability. Arrange-
ments described herein can allow for load alleviation.
Arrangements described herein can allow both passive and
active control of the wing shape of an aircraft responsive to
real-time operational forces acting upon the aircraft.
Arrangements described herein can provide for remote and/
or automated control of the shape/morphology of a wing
during flight. Arrangements described herein can be light-
weight and add negligible weight to the aircraft. Arrange-
ments described herein can make use of existing power
sources, or a small power source can be added. Compared to
systems that use a motor, arrangements described here are
much lighter and better suited for flight. Arrangements
described herein can enable large and quick changes in
shape, configuration, or morphology of a wing based on
real-time changes to the wing, the aircraft that the wing is a
part of, and/or conditions of the operational environment.
Arrangements described herein can reduce the number of
moving parts on the aircraft and can reduce aircraft load.

The flowcharts and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer pro-
gram products according to various embodiments. In this
regard, each block in the flowcharts or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable instructions for imple-
menting the specified logical function(s). It should also be
noted that, in some alternative implementations, the func-
tions noted in the block may occur out of the order noted in
the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved.

25

40

45

18

The systems, components and/or processes described
above can be realized in hardware or a combination of
hardware and software and can be realized in a centralized
fashion in one processing system or in a distributed fashion
where different elements are spread across several intercon-
nected processing systems. Any kind of processing system
or other apparatus adapted for carrying out the methods
described herein is suited. A typical combination of hard-
ware and software can be a processing system with com-
puter-usable program code that, when being loaded and
executed, controls the processing system such that it carries
out the methods described herein. The systems, components
and/or processes also can be embedded in a computer-
readable storage, such as a computer program product or
other data programs storage device, readable by a machine,
tangibly embodying a program of instructions executable by
the machine to perform methods and processes described
herein. These elements also can be embedded in an appli-
cation product which comprises all the features enabling the
implementation of the methods described herein and, which
when loaded in a processing system, is able to carry out
these methods.

The terms “a” and “an,” as used herein, are defined as one
or more than one. The term “plurality,” as used herein, is
defined as two or more than two. The term “another,” as used
herein, is defined as at least a second or more. The terms
“including” and/or “having,” as used herein, are defined as
comprising (i.e., open language). The term “or” is intended
to mean an inclusive “or” rather than an exclusive “or.” The
phrase “at least one of . . . and . . . ” as used herein refers
to and encompasses any and all possible combinations of
one or more of the associated listed items. As an example,
the phrase “at least one of A, B and C” includes A only, B
only, C only, or any combination thereof (e.g., AB, AC, BC
or ABC). As used herein, the term “substantially” or “about”
includes exactly the term it modifies and slight variations
therefrom. Thus, the term “substantially parallel” means
exactly parallel and slight variations therefrom. “Slight
variations therefrom” can include within 15 degrees/percent/
units or less, within 14 degrees/percent/units or less, within
13 degrees/percent/units or less, within 12 degrees/percent/
units or less, within 11 degrees/percent/units or less, within
10 degrees/percent/units or less, within 9 degrees/percent/
units or less, within 8 degrees/percent/units or less, within 7
degrees/percent/units or less, within 6 degrees/percent/units
or less, within 5 degrees/percent/units or less, within 4
degrees/percent/units or less, within 3 degrees/percent/units
or less, within 2 degrees/percent/units or less, or within 1
degree/percent/unit or less. In some instances, “substan-
tially” can include being within normal manufacturing tol-
erances.

Aspects herein can be embodied in other forms without
departing from the spirit or essential attributes thereof.
Accordingly, reference should be made to the following
claims, rather than to the foregoing specification, as indi-
cating the scope hereof.

What is claimed is:

1. An aircraft comprising:

a wing; and

a morphing member operatively connected to the wing,

the morphing member including a base and a shape
memory material member operatively connected to the
base, the base being made of a flexible material,
whereby a shape of the morphing member changes
when the shape memory material member is activated,
the shape memory material member being arranged in
a non-linear pattern.
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2. The aircraft of claim 1 wherein the flexible material is
a fabric.

3. The aircraft of claim 1, wherein the shape memory
material member is a shape memory alloy wire.

4. The aircraft of claim 1, wherein the wing including a
leading edge and a trailing edge, wherein the wing includes
an upper side and a lower side, and wherein the morphing
member is operatively connected to one of:

the upper side of the wing proximate the trailing edge; and

the lower side of the wing proximate the leading edge.

5. The aircraft of claim 1, wherein the shape memory
material member is arranged in a pattern, and wherein the
pattern is configured to cause the morphing member to curl
in one direction when the shape memory material member is
activated.

6. The aircraft of claim 1, wherein, when in a non-
activated condition, the morphing member is substantially
flat against the wing.

7. The aircraft of claim 1, wherein a side or a perimeter
portion of the morphing member is not attached to the wing.

8. An aircraft comprising:

a wing; and

a morphing member operatively connected to the wing,

the morphing member including a base and a shape
memory material member operatively connected to the
base, the base being made of a flexible material,
whereby a shape of the morphing member changes
when the shape memory material member is activated,
the shape memory material member being arranged in a
pattern, and the pattern being configured to cause the
morphing member to curl in a plurality of directions
when the shape memory material member is activated.

9. A system comprising:

an aircraft including:

a wing; and

a morphing member operatively connected to the wing,
the morphing member including a base and a shape
memory material member operatively connected to
the base, the base being made of a flexible material,
the shape memory material member being arranged
in a non-linear pattern; and

one or more processors operatively connected to selec-

tively cause the shape memory material member of the
morphing member to be activated and deactivated.

10. The system of claim 9, further including one or more
power sources operatively connected to supply electrical
energy to the shape memory material member,

wherein the one or more processors are operatively con-

nected to control a supply of electrical energy from the
one or more power sources to the shape memory
material member, the one or more processors being
programmed to initiate executable operations compris-
ing:
detecting a wing morphing activation condition; and
responsive detecting the wing morphing activation con-
dition, causing electrical energy to be supplied to the
shape memory material member from the one or
more power sources, whereby the shape memory
material member is activated to cause a shape of the
morphing member to change, whereby one or more
aerodynamic characteristics of the aircraft are
changed.

11. The system of claim 9, further including one or more
sensors operatively connected to the one or more processors,
wherein the one or more sensors are configured to acquire
sensor data about at least one of: the aircraft and an external
environment of the aircraft, wherein the one or more pro-
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cessors are configured to selectively cause the shape
memory material member of the morphing member to be
activated and deactivated based on the sensor data.

12. The system of claim 9, wherein the one or more
processors are configured to selectively cause the shape
memory material member of the morphing member to be
activated and deactivated autonomously or in response to
remote control inputs.

13. The system of claim 9, wherein the flexible material
is a fabric, and wherein the shape memory material member
is a shape memory alloy wire.

14. The system of claim 9, wherein the wing including a
leading edge and a trailing edge, wherein the wing includes
an upper side and a lower side, and wherein the morphing
member is operatively connected to one of:

the upper side of the wing proximate the trailing edge; and

the lower side of the wing proximate the leading edge.

15. The system of claim 9, wherein the shape memory
material member is arranged in a pattern, and wherein the
pattern is configured to cause the morphing member to curl
in one direction when the shape memory material member is
activated.

16. The system of claim 9, wherein, when in a non-
activated condition, the morphing member is substantially
flat against the wing.

17. A system comprising:

an aircraft including:

a wing; and

a morphing member operatively connected to the wing,
the morphing member including a base and a shape
memory material member operatively connected to
the base, the base being made of a flexible material,
the shape memory material member being arranged
in a pattern, and the pattern being configured to cause
the morphing member to curl in a plurality of direc-
tions when the shape memory material member is
activated; and

one or more processors operatively connected to selec-

tively cause the shape memory material member of the
morphing member to be activated and deactivated.

18. A method for morphing a wing of an aircraft, a
morphing member operatively connected to the wing, the
morphing member including a base and a shape memory
material member operatively connected to the base, the base
being made of a flexible material, the shape memory mate-
rial member being arranged in a non-linear pattern, the
method comprising:

detecting a wing morphing activation condition; and

responsive to detecting the wing morphing activation

condition, activating the shape memory material mem-
ber to cause the morphing member to morph into an
activated configuration.

19. The method of claim 18, wherein detecting the wing
morphing activation condition is based on sensor data about
at least one of the aircraft and an external environment of the
aircraft.

20. The method of claim 18, further including:
detecting a wing morphing deactivation condition; and
responsive to detecting the wing morphing deactivation
condition, deactivating the shape memory material member
to cause the morphing member to substantially return to a

non-activated configuration.

21. A method for morphing a wing of an aircraft, a
morphing member operatively connected to the wing, the
morphing member including a base and a shape memory
material member operatively connected to the base, the base
being made of a flexible material, the shape memory mate-
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rial member being arranged in a pattern, and the pattern
being configured to cause the morphing member to curl in a
plurality of directions when the shape memory material
member is activated, the method comprising:
detecting a wing morphing activation condition; and
responsive to detecting the wing morphing activation
condition, activating the shape memory material mem-
ber to cause the morphing member to morph into an
activated configuration.
22. An aircraft comprising:
a wing; and
a morphing member operatively connected to the wing,
the morphing member including a base and a shape
memory material member operatively connected to the
base, the base being made of a flexible material,
whereby a shape of the morphing member changes
when the shape memory material member is activated,

the wing including a recessed area in which the morphing
member resides such that, when in a non-activated
condition, the morphing member is substantially flush
with the wing.
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23. An aircraft comprising:

a wing; and

a morphing member operatively connected to the wing,
the morphing member including a base and a shape
memory material member operatively connected to the
base, the base being made of a flexible material,
whereby a shape of the morphing member changes
when the shape memory material member is activated,
the morphing member being operatively connected to a
lower side of the wing proximate a leading edge.

24. An aircraft comprising:

a wing; and

a morphing member operatively connected to the wing,
the morphing member including a base and a shape
memory material member operatively connected to the
base, the base being made of a flexible material,
whereby a shape of the morphing member changes
when the shape memory material member is activated,
a free end or a free perimeter portion of the morphing
members being located proximate a trailing edge of the
wing and not extending beyond the trailing edge of the
wing.



